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2 lower determined metabolisable energy (P<0.05), and DMD (P<0.001) but a higher tannin 26 degradability (P<0.001). Compared to the control diet, feeding field beans increased 27 (P<0.001) the weights of the proventriculus and gizzard of the birds, and also increased 28 endogenous mucin losses (P<0.05). Supplementing diets with tannase-containing enzyme 29 improved dietary AMEn (P<0.001), DMD (P<0.001), NR (P<0.001) and DEE (P<0.05), but 30 did not change (P>0.05) tannin digestibility. Heat treatment of the beans reduced the 31 degradability of condensed tannins and increased endogenous mucin losses (P<0.05). This 32 experiment has shown that there are differences in the feeding value of different field bean 33 samples and these are not improved by heat treatment. Enzyme supplementation improved 34 the feeding value of all diets regardless of the bean samples or heat treatment (no treatment 35 factor interactions, P>0.05). Further research is warranted to study the effectiveness of 36 tannase supplementation in poultry diet formulations by dose response trials with purified 37 tannase preparations. 38 Field bean; tannase; heat treatment; broiler chicken; ME; digestibility 39 7 Dry matter (DM) was determined by drying samples in a forced draft oven at 105 o C to a 139 constant weight. Crude protein (6.25 X N) in samples was determined by dry combustion 140 method (AOAC, 2000) using a Leco Leco Corp., St. Joseph, MI) . Oil (as ether 141 extract) was extracted with diethyl ether by the ether extraction method (AOAC, 2000) , using 142 a Soxtec system (Foss UK Ltd.). The gross energy (GE) value of the samples was determined 143 in a bomb calorimeter (model 6200; Parr Instrument Co., Moline, IL), and benzoic acid was 144 used as the standard. Total starch (TS) was determined following the method of Englyst et al. 145 (2000) . The non-starch polysaccharides (NSPs) content was determined by the method of 146 Englyst et al. (1994) , whereby starch is completely dispersed and then hydrolysed 147 enzymatically. The NSP is isolated by precipitation in 80% ethanol then hydrolysed by 148 sulphuric acid and the released sugars measured by gas chromatography as their alditol 149 acetate derivatives. 150
The total phenol, non-tannin phenol, total tannin (all as tannic acid equivalent) in the 151 representative samples of excreta, as well as freshly milled raw and micronized studied field 152 bean cultivars, the control diet and other feed ingredients were determined by applying the 153 procedure used by Makkar et al. (1993) . The condensed tannins in the same samples were 154 determined as leucocyanidin equivalent as described by Porter et al. (1985) . 155 156 157 2.6. Statistical analysis 158 159
The experiment was arranged as a randomised block analysis of variance with 10 treatments 160 each with 7 replicates. The treatments were arranged 2 x 2 x 2 factorial with a further two 161 specific orthogonal contrasts for the control diets. The 2 x 2 x 2 factorial arrangement had 162 field bean cultivar (Maris Bead or Sultan), enzyme (with and without tannase) and 163 micronizing (with and without). The first specific orthogonal contrasts was Control 1 (no 164 enzyme) vs Control 2 (with enzyme), and the second contrast was mean of all bean diets vs 165 8 mean of the two control diets. In all instances, differences were reported as significant at P 166 ≤0.05. Tendencies towards significance (0.05<P ≤0.1) were also reported. 167 168
Results 169
Overall, with the exception of total starch content, Maris Bead contained higher nutrient and 170 lower anti-nutrient comparing to Sultan field bean cultivar, and the crude protein content 171 (CP) was more variable than the oil and GE. Crude protein varied from 244.6 (Sultan) to 172 304.5 (Maris Bead) g/kg DM. The total phenols and tannins, as tannic acid equivalent, and 173 condensed tannins, as leucocyanidins, differ from 6.9 to 10.9, 6.1 to 8.3, and 4.5 to 7.3 g/kg 174 DM for Maris Bead and Sultan ( The birds fed field bean diets had a lower daily feed intake (P<0.001), and weight gains 182 (P<0.001) than the birds fed the control diets (Table 4) . Bean based diets had lower NR 183 (P<0.001), and DEE (P=0.009), but a higher determined AMEn (P<0.001) compared to the 184 control diet. 185
Changes in DMD followed the same directions as metabolisable energy (table 4) The weight of the TGI was reduced by feeding Sultan compared to Maris Bead containing 205 diets (P=0.018) and tannase supplemented compared to none supplemented diets (P=0.020). 206
When expressed as a percent from the body weight the GIT was increased by feeding bean 207
containing diets compared to controls (P<0.001), Sultan compared to Maris Bead based diet 208 (P=0.011) and enzyme non-supplemented compared to those with tannase (P=0.003). 209
The weight of the PG was increased by feeding bean containing diets compared to controls 210 (P=0.010) and when compare enzyme free to tannase supplemented diets (P=0.003). 211
Similarly, the PG% was increased by feeding bean containing diets compared to controls 212 (P<0.001), Sultan compared to Maris Bead based diet (P=0.031) and non-supplemented 213 compared to tannase supplemented diets (P=0.001). 214
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The weight of the SI was reduced by feeding bean containing compared to control diets 215 (P<0.001) and Sultan compared to Maris Bead containing diet (P=0.003). For SI% only 216 tendencies were observed. 217
The weight of the pancreas was not affected (P>0.05) by any of the treatments. However, the 218 Pan% was increased by feeding bean containing diets compared to controls (P<0.001). 219 220
DISCUSSION 221 222
The purpose of the experiment reported in this paper was to determine whether heat treatment 223 (micronizing) of field beans and exogenous tannase could be used to improve available 224 energy and nutrient utilisation in diets for broilers. It was important to evaluate these 225 treatments using different bean cultivar samples because of the large variation in the 226 agronomic production and chemical composition of beans available to the animal feed 227
industry. 228
The sample of bean cultivar Sultan had a higher tannin content compared to Maris Bead 229 sample. Tannins can form strong complexes with proteins, starch, cellulose, and minerals 230 (Lekha and Lonsane, 1997). However, Sultan also had a lower AMEn, most probably due its 231 higher NSP content, than Maris Bead. In addition Sultan has a lower CP content. The lower 232 metabolisable energy and CP content of these diets may have directly affected growth 233 performance. Reduced mucin endogenous losses in birds fed cultivar Maris Bead compared 234 to Sultan could be associated with a reduced irritation of the gut due to lower dietary tannin 235
content. 236
The experiment showed that there were no differences in nutritional value between the raw 237 and heat treated field beans. Alonso et al. (2000) demonstrated that heat treatment (extrusion) 238 gave a two-fold reduction in CT in faba beans. However, in the present study heat treatment 239 only gave approximately 9% reduction in CT. However, there is a difference between the 240 process of autoclaving and micronizing, as extruding requires higher temperature, some water 241 and relatively more time, compared to micronizing (Lashkari et al. 2015) . 242
The reduced CTD of micronized diets, and the observed interactions where micronizing 243 reduced feed efficiency and TD of Maris Bead based diet only, were not expected. Bellido et 244 al. (2006) reported that micronizing legumes, e.g. cowpea flour, at 130 ºC changed its 245 functional properties, including reduced foaming capacity, increase in the surface 246 hydrophobicity and cross-linking of the protein, formation of disulphide bonds and possibly 247
Maillard cross-links. It is possible that the two cultivar samples reacted differently to the heat 248 treatment applied in this experiment. 249 Abdulla et al. (2016a) showed that exogenous tannase was effective in improving the nutrient 250 availability and performance of broilers fed a diet containing field beans. It was expected that 251 the efficacy of tannase would be limited in the control diet as it was a low tannin feed. The 252 two field bean containing diets had different tannin contents thus different responses between 253 these two diets to tannase was also expected. However, a part from the interaction for FCR, 254 no other enzyme by diet interactions were observed in the present study, thus showing that 255 exogenous tannase improved the feeding value of all diets with the same magnitude. In 256 addition tannase supplementation did not influence tannin degradability. Chamorro et al. 257 (2015) found no effect of tannase on growth performance in chickens fed diet rich in 258 polyphenols. The tannase used in the present experiment also had alpha-amylase, xylanase, 259 and pectinase activities. It is possible that these enzyme activities may have been partially 260 responsible for the observed improvements in nutrient availability and feed efficiency in the 261 study. 262
The most noticeable response to dietary tannase was in increasing DEE by 7.1%, followed by 263 4.4% for dietary metabolisable energy and DMD, and by 2.9% for dietary N retention. The 264 results are similar to those reported by Abdulla et al. (2016b) . Although there was an 265 increased dietary N retention when tannase was fed, N retention is influenced not only by 266 protein digestibility, but also by metabolic N excretion (Souffrant, 2001) . It is generally 267 accepted that part of the anti-nutritional effect of field beans is also mediated by its NSP 268 constituents (Longstaff and McNab, 1991a,b; Nalle et al. 2010 ) that raise the viscosity of gut 269 contents and may alter the microflora (Smits et al. 1998; Langhout et al. 1999 ). An increase 270 in intestinal viscosity associated with enhanced bacterial fermentation can also depress fat 271 digestion (Danicke et al. 1999) . 272
The weight of the GIT decreased with tannase supplementation by 6.0%, which is in the 273 feeding α-amylase to broilers at similar age. The changes in GIT expressed as % of the 280 weight of the birds were similar to the absolute values. In general, if the efficiency of 281 digestion is consistently suboptimal, whether due to ingredient quality, microbial interaction 282 of anti-nutritive factors, the GIT responds by increasing in both size (surface area) and 283 digestive enzyme output (Bedford, 2006) . 284 285
Conclusion 286
The results from this study demonstrate that there can be large differences in the nutritional 287 value of different field bean samples that are available to the poultry feed industry. 
